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The Environmental Protection Agency (EPA) was created in December 1970 by the Nixon administration in almost direct response to the heavy task of implementing the statutes the Clean Air Act passed by Congress earlier that year.1The Clean Air Act of 1970 instructed the EPA to impose heavy regulations on both stationary and mobile sources of air pollution.2 Mobile sources reflect emissions from automobiles, while stationary sources refer to point source emissions from industry. The 1977 Amendments to the Clean Air Act of 1970 included provisions to determine if areas are within attainment or not of the National air Quality Standards created by the EPA.3 Those areas not within attainment are subject to greater attention and regulation by the agency.
1.1	Purpose
To this day many areas are still not within attainment standards regarding air pollution. In Pennsylvania, many of these non-attainment zones can be described at the county level or even across multiple counties, but the area that is furthest from attainment standards regarding particulate matter (PM) includes only a handful of municipalities located in Allegheny County approximately ten miles from Pittsburgh.4 This area is widely referred to as the Liberty-Clairton area, and a main source of the elevated pollution is associated with the enormous amount of coke produced at the United States Steel Clairton Coke Works Plant. Clairton Coke Works has had a rich history with the EPA as well as the Pennsylvania Department of Environmental Protection (DEP) and the Allegheny County Health Department (ACHD). The struggle between these agencies and US Steel to reduce Clairton plant emissions is testimony to the overall battle air-quality. 
1.2	Scope








2.0	General Information Regarding Air Pollution
2.1	Industrial Air Pollution
According to the DEP’s website, there are six principle pollutants that act as indicators for air quality in our county.5 These indicators include Carbon Monoxide (CO), Lead (Pb), Nitrogen Oxides (NOx), Ozone (O3), Sulfur Dioxide (SO2), and Particulate Matter (PM). The sections below discuss each of the indicators further.
2.1.1	Carbon Monoxide
Carbon Monoxide, CO, pollution is produced from the incomplete combustion of carbon-containing fuels.6 This encompasses a wide variety of sources, including coal burning in power plants and other industries. CO is colorless and odorless, therefore acute exposure is most often lethal, and of greatest concern. CO has a high affinity for hemoglobin and acts as a competitive inhibitor for oxygen; this interferes with oxygen release at the tissues causing asphyxia and eventually death.7
2.1.2	Lead
Lead, Pb, is a highly toxic metal that has been associated with adverse health outcomes for both ingestion and inhalation. Historically, Pb was released into the atmosphere primarily from burning gasoline that contained lead to reduce engine knock. In 1985, the EPA promulgated an effort to successfully reduce the amount of Pb in gasoline, which significantly reduced the health burden from Pb exposure.8 Pb and other toxic metals are naturally found in coal, and are hence released into the atmosphere if not properly controlled during combustion. Trace metals, including lead, are considered a primary component of ultrafine particles. These particles can deposit deep into the lungs and cause oxidative stress along with greater toxic exposure.9 More on ultrafine particles will be found below. 
2.1.3	 Nitric Oxides
Nitric oxides, or NOx refers to a class of pollutants that is made from burning fossil fuels at a very high temperature. NOx refers mainly to nitric oxide (NO) and nitrogen dioxide (NO2). NO is emitted from automobile exhaust, power plants, and other industries that burn coal. NO is converted in the atmosphere to NO2, which is a reddish brown gas that is highly toxic.10 NO2 also plays a major role in the generation of ground-level ozone. NO exposure is associated with adverse respiratory effects at low levels of exposure.
2.1.4	Ozone
Ozone is generated naturally in the stratosphere by a reaction between solar radiation and molecular oxygen. In the stratosphere, ozone prevents ultraviolet radiation from entering the troposphere, thus protecting us from UV B and UVC radiation, which causes sun burns and DNA changes in our skin that cause cancer.11 Ozone is considered a secondary pollutant in the troposphere given that it is created primarily through a reaction with NO2 and volatile organic compounds (VOCs). VOCs are emitted from a variety of sources which include gasoline combustion. With intense sunlight and plentiful NO2, ozone can be generated at a pace to reach a high enough concentration to expose humans over a very large distance. Acute exposure can cause irritation to the eyes as well as have consequences on breathing; long term exposure has been associated with cardiovascular disease and pulmonary disease.12

2.1.5	Sulfur Dioxide
Sulfur dioxide or SO2 is a pollutant that is emitted into the atmosphere primarily by power plants and industries that burn coal that contains sulfur. Exposure to SO2 can cause symptoms of respiratory distress. SO2 has been the cause of many catastrophes resulting in widespread mortality. One such incidence was the London fog in December 1952, where over 4,000 people were killed prematurely of hypoxia, and over 100,000 individuals had symptoms of respiratory illness.13 Much of the morbidity and mortality from this event may be due to the ability of SO2 to form into particulate sulfates. 
2.1.6	Particulate Matter
Particulate matter or PM, the main focus of this essay, rationale substantiated here, consists of a microscopic array of solid and liquid particles suspended in the air. PM pollution is made up of acids, metals and dusts. PM is generated from automobile exhaust, agriculture, construction, power plant and industrial emissions, among others.14 While any airborne particle can cause adverse health effects, particles that are 10 micrometers or less in diameter can absorb deeper into the lung than larger particles. Though PM10-2.5 can reach the tracheobronchial tree, particles less than 2.5 micrometers in size have the ability to reach the smaller airways and into the alveoli. In 1997, the EPA included PM2.5 regulations to reduce the burden of lung cancer and respiratory effects associated with long term exposure.15 Figure 1 demonstrates the size difference between particulate matter of different category, note that PM2.5 is 1/30th the size of a human hair. 

Figure 1. Size difference between classes of particulate matter.61
PM10-2.5 is considered coarse particles and is generated mostly from natural resources, for instance fungal spores and pollen grains. PM2.5 is primarily generated via combustion of fossil fuels. Emissions can be from either primary or secondary particles. Primary particles like diesel soot are emitted directly into the atmosphere; whereas secondary sources of PM pollution are formed from the formation of particles made up of SO2 and NOx that are emitted into the atmosphere by combustion of coal and other fossil fuels from automobile exhaust, power plants and other industries that burn coal. PM less than 0.1 micrometer in size is generated via combustion of fossil fuels; these particles are referred to as ultrafine particles or UFPs. Exposure to UFPs will result in large scale diffusion into the alveolus and therefore increased absorption into the blood stream.16 Greater absorption, even if the particle is not toxic, can cause oxidative stress and impose severe complications on the cardiovascular and pulmonary systems.17 After release from a source, UFPs generally coalesce into larger particles before they can reach a vulnerable population.15 As we consider the distance in this paper of the source and the vulnerable population, speculations of ultrafine exposure may be warranted but will not be considered here. 
The rest of our discussion regarding air pollution will focus on PM2.5, given the Liberty-Clairton area is out of attainment specifically for PM2.5. The section above was used as a general overview of the six main constituents of air pollution. Most, if not all, of these pollutants tie together in some form of way. For example, PM2.5 emitted from Clairton Coke Works is majorly secondary PM2.5 made up from the formation of NOx and SO2 as well as organic and elemental carbon. Metals like lead and others can be part of a particulate matter complex, so metal absorption and toxicity must be considered along with PM2.5 exposure. The next sections will focus on the acute and chronic health effects resulting from with PM2.5 exposure. 
2.2	Health Effects of Particulate Matter Exposure
2.2.1	Acute Health Effects
Many studies have found an association between abrupt exposure to PM and adverse health outcomes. The two largest epidemiological studies are the National Morbidity and Mortality Air Pollution Study (NMMAPS)18 and the Air Pollution and Health: A European Approach (APHEA-2)19 studies.20 These studies observed health outcomes for 50 million people in the 20 largest cities in the US, and 48 million people in 29 cities across Europe. Each study found an elevated risk for death from acute cardiovascular events associated with cities that had higher levels of particulate matter. These studies were based on PM10, one might have expected an increased risk if the technology existed to detect PM2.5.
 PM2.5 diffuses deep into the lung into the alveoli where it can be absorbed very easily into the circulatory system.  Transition metals, toxins attached to the particles or the particle itself can initiate pulmonary oxidative distress or an inflammatory response on the cardiovascular system. These acute responses initiate atherosclerosis by rupturing atherosclerotic plaque in the vascular system, as well as thrombosis and other ischemic events.21 These events can trigger myocardial infarction or an ischemic stroke which are common in epidemiological studies covering this type of acute exposure.22
2.2.2	Chronic Health Effects
Studies suggest that long term exposure to PM has a high risk for developing cardiovascular disease and lung cancer. The Harvard six cities23 study by Dockery et al. conducted a large metropolitan based study over six cites that was able to show how long term exposure to PM led to adverse health outcomes after adjusting for factors like smoking. Death attributed to cardiovascular disease, pulmonary disease, and lung cancer were associated with cities that had higher levels of particulate matter pollution. Pope et al. conducted a very large study based on results from the ASC Cancer prevention II24 study population. They found that for every 10-µg/m3 elevation in fine particulate air pollution, there was approximately a 4%, 6%, and 8% increase in risk of all-cause, cardiopulmonary, and lung cancer mortality, respectively.25 Toxicological explanations for the observed health outcomes are explained below.
Chronic PM exposure increases the inflammatory response of the pulmonary and circulatory systems.26 Fine particles get lodged deep into the lung where it can damage alveoli. The inflammation associated with such exposure can cause mucus build up which can further inhibit the lungs ability to perform gas exchange with the blood. Alveolar inflammation increases blood coagulability, which is an increase in the density of the blood.27 Systemic inflammation is also associated with increased vasoconstriction. Vasoconstriction accompanied by higher blood density puts more stress on the heart which leads to long term cardiovascular disease.28 Studies have linked chronic exposure to PM with atherosclerosis as well as individuals having an increased risk for stroke.21,29  
Mounting evidence suggests there is a relationship between particulate matter exposure and an increase of systemic reactive oxygen species. Shukla et al. found that early and persistent increases in intracellular oxidants were observed in epithelial cells exposed to PM2.5 and ultrafine carbon black particles.30 Oxidative stress occurs when these reactive intermediates are not detoxified by the body before they cause considerable damage to cells. Peroxides and free radicals can destroy lipids, proteins, and DNA to the extent where the cell is so damaged that it initiate programmed cell death, or apoptosis. When a cell does not recognize that it should undergo apoptosis, and rather proliferates, it initiates tumor growth. An above normal generation of reactive oxygen species can lead to a heightened risk for malignancy and further proliferation.31 This mechanism is the framework for linking particulate matter exposure to cancer. 
2.2.3	Factors that Increase Risk








3.0	Clairton Mill Emissions and the Liberty-Clairton Area
3.1	Clairton Coke Works
3.1.1	The Process of Making Coke
US Steel’s Clairton Coke Works sits on the Monongahela River just above Donora, the site of a famous air pollution tragedy,1948.36 In the 1970s, the mill was the largest coke producer in the world; it is now the largest coke producing plant in the western hemisphere.37  Coke is essential for the steel making process: it is made by heating coal to a very high temperature (~2000°C) to remove impurities. Metallurgical coke is produced by the destructive distillation of coal in coke ovens. Prepared coal is heated with coke oven gas in an oxygen-free atmosphere until the most volatile components in the coal are removed. The material remaining is a carbon mass called coke. Coke is used in iron and steel industry processes (primarily in blast furnaces) to reduce iron ore to iron.38 The majority of coke produced in the United States comes from wet-charge, by-product coke oven batteries.39 A battery is composed of many long, brick fire ovens with heating chambers to fire coke. Clairton Coke Works currently has 12 batteries operating composed of 816 different ovens.40 After the coke is smelted, it is loaded on to railroad carts where it is doused with water, called quenching. The coke is then shipped to adjacent mills in the surrounding areas to make steel. 
3.1.2	Emissions Associated with Clairton Coke Works 
There are two controls that keep particulate matter and gas pollution from exiting the battery during the cooking process that favor industries compliance. First, low sulfur coal must be used; fortunately coal that is high in sulfur has several undesirable effects in the steel making process. Second, all of the openings in the oven where the coke is loaded must be shut; again for reasons that greatly improves the efficiency of the process.41 The origin of how particulate matter emissions are released from the coke plant is complex; but, principally, handling the coke during and after cooking, leaking oven lids, combustion stacks, and quenching are the main activities that result in emissions. Chemicals that are associated with emissions are VOCs, NOx, and SO2; while hazardous air pollutants (HAPs) emitted as a result of leaking oven gas include benzene, toluene, xylenes, cyanide compounds, naphthalene, phenol, and POM. Fine particles like fly ash are emitted as a result of the quenching process.42  
3.1.3	Clairton Coke Works in the 1970s
Charles Jones’s book “Clean Air: The Policies and Politics of Air Pollution”43 covers the history of the Clairton Coke Works as it began to face environmental regulation propagated by the EPA enforcing the Clean Air Act. The story embodies the struggle between state and local officials, environmental action groups, the EPA, and industry. In the early 1970’s, Clairton Coke Works had approximately twice the number of batteries it has today 23, with nearly 1375 ovens producing 21,500 tons of coke per day. US Steel was and still is a major job creator in the Mon Valley, at the time employing over 30,000 in the Clairton Coke Works alone, not to mention the countless other jobs in other mills that were directly affected by this massive coke producing facility, since coke was needed to produce steel. Other industries from the average barber to the school teacher was dependent on Clairton Coke Works to fuel their economy, accounting for an additional 75,000 other jobs.43
At that time, one of the most evident sources of pollution came from the process of quenching coke after it had been baked. The water used for quenching had previously been used during the baking process to wash out the volatile constituents from coal.44 Since the water was prohibited to be released into the river, it was recycled and used to cool off hot coke. Approximately 3.5 million gallons of quenching fluid was used per day to cool the massive amount of product the mill made daily.  The fluid was a mix of various chemicals that included phenol, ammonia, hydrogen sulfide, and cyanide. Clairton Coke Works was in violation of the Allegheny County Health Department’s phenol.43 This prompted lawsuits from local and state officials; to avoid shutdowns Clairton Coke Works applied for a variance from this regulation. 
A one year variance was granted by the Allegheny County appeals board if the source did not threaten public health, technology was not sufficient to bring the emissions within regulation, or the economic impact of enforcing the regulations would negatively affect the public.45 There was no question that the source did indeed pose a health threat to the public. As for technology, local and state officials testified that the quenching fluid could be pretreated with ammonia and phenol strippers to remove 90-99% of the harmful constituents. US Steel acknowledged this fact but cited that it was against the cooperate interest to invest financial capital if the technology did not fully bring them within regulation, thus leaving US Steel subject to further fines and criminal liabilities. It was noted that the board was willing to grant a variance if US Steel would agree to install the technology, but US Steel still would not waiver given their case for the economic impact of closing Clairton Coke Works.43
It was not uncommon during cases questioning industry’s compliance with environmental regulations for industry to allude to the jobs and the positive economic impact it had on the area it supplied; therefore in the courtroom the plaintiff frequently used the term “economic blackmail”.45 US Steel stood firm to make no investment in infrastructure and refused to acknowledge the enormous amounts of toxic emissions they spewed into the air daily. Instead, they held the jobs impacted over the environmental authorities, and for 15 months the appeals court deliberated and ruled not to grant a one year variance. US Steel appealed the decision and the case went to the Allegheny County court of equity in 1972.46
During the 15 month duration, the variance board took to make a decision to grant a one year variance; US Steel was unaffected by any regulation or lawsuit that would deter Clairton Coke from running at full capacity. The appeals process would give them even more time to pump out as much coke with no environmental responsibility. With this lopsided form of justice, industry can easily take advantage of the system. Knowing full well how delaying time favors industry, Judge Silvestri, who would preside over the case for the rest of its existence, gave local and state agencies and US Steel 40 days to find a compromise to reduce emissions without closing Clairton Coke Works.43 By mid fall 1972, an agreement was reached where US Steel would implement the best of available technology to bring Clairton Coke Works within standards for SO2 emissions, while also pretreating the quenching fluid for ammonia and phenol. With this compromise, US Steel would have a ten year immunity from state and federal government regulations.43 This was fine for state and local officials to solve the immediate problem, but the EPA had to sign off on the agreement. The EPA was not about to give up the power to enforce 25,000 dollar daily fines on US Steel for a ten year window while technology would improve and science would better understand the health impacts of air pollution. Nevertheless, a deal was struck between state and local officials with US Steel, and it was triumphed as one of the first real wins for environmentalists. 
One year after the deal was struck, US Steel was brought back into court for making minimal, if any, attempts to improve emissions at Clairton. GASP and state and local officials sued US Steel for making barely any capital investment and no improvements in infrastructure.45 US Steel responded by saying the technology still didn’t exist to improve emissions, and again used “economic blackmail” as their best defense. From that point on, the processes of litigation, negotiations, and appeals highlight the history of Clairton Coke Works while the company continued to make massive amounts of Coke.46 Not until 1997, when the EPA began to enforce National Ambient Air Quality Standards (NAAQS) would any real regulations significantly improve emissions from Clairton.47
3.1.4	Standards for Air Pollution
In 1997, the EPA propagated its powers to enforce the Clean Air Act by enforcing standards across the United States for the six criteria pollutants discussed above. These standards are denoted as NAAQS, and they are used to designate if a geographic area is within standards for any of the six pollutants.48 Table 1 provides the values for acceptable amounts of exposure to pollutants over a given period of time.49 If an area meets the standards, it is categorized as within attainment; if the area exceeds the standards, it is labeled as a non-attainment area. The Liberty-Clairton area has shared a non-attainment status for particulate matter pollution since 1997; the next section will explore what characteristics give this area a distinctively elevated risk. 


Table 1. NAACS for the sic criteria pollutants.49
Pollutant
[final rule cite]	Primary/ 
Secondary	Averaging Time	Level	Form
Carbon Monoxide (​http:​/​​/​www.epa.gov​/​airquality​/​carbonmonoxide​/​​)
[76 FR 54294, Aug 31, 2011 (​http:​/​​/​www.gpo.gov​/​fdsys​/​pkg​/​FR-2011-08-31​/​html​/​2011-21359.htm​)]	primary	8-hour	9 ppm	Not to be exceeded more than once per year
		1-hour	35 ppm	
Lead (​http:​/​​/​www.epa.gov​/​airquality​/​lead​/​​)
[73 FR 66964, Nov 12, 2008 (​http:​/​​/​www.gpo.gov​/​fdsys​/​pkg​/​FR-2008-11-12​/​html​/​E8-25654.htm​)]	primary and 
secondary	Rolling 3 month average	0.15 μg/m3 (1) (​http:​/​​/​www.epa.gov​/​air​/​criteria.html" \l "1​)	Not to be exceeded
Nitrogen Dioxide (​http:​/​​/​www.epa.gov​/​airquality​/​nitrogenoxides​/​​)
[75 FR 6474, Feb 9, 2010 (​http:​/​​/​www.gpo.gov​/​fdsys​/​pkg​/​FR-2010-02-09​/​html​/​2010-1990.htm​)]
[61 FR 52852, Oct 8, 1996 (​http:​/​​/​www.gpo.gov​/​fdsys​/​pkg​/​FR-1996-10-08​/​html​/​96-25786.htm​)]	primary	1-hour	100 ppb	98th percentile, averaged over 3 years
	primary and
secondary	Annual	53 ppb (2) (​http:​/​​/​www.epa.gov​/​air​/​criteria.html" \l "2​)	Annual Mean
Ozone (​http:​/​​/​www.epa.gov​/​airquality​/​ozonepollution​/​​)
[73 FR 16436, Mar 27, 2008 (​http:​/​​/​www.gpo.gov​/​fdsys​/​pkg​/​FR-2008-03-27​/​html​/​E8-5645.htm​)]	primary and 
secondary	8-hour	0.075 ppm (3) (​http:​/​​/​www.epa.gov​/​air​/​criteria.html" \l "3​)	Annual fourth-highest daily maximum 8-hr concentration, averaged over 3 years
Particle Pollution (​http:​/​​/​www.epa.gov​/​airquality​/​particlepollution​/​​)
Table 1 Cont.Dec 14, 2012	PM2.5	primary	Annual	12 μg/m3	annual mean, averaged over 3 years
		secondary	Annual	15 μg/m3	annual mean, averaged over 3 years
		primary and 
secondary	24-hour	35 μg/m3	98th percentile, averaged over 3 years
	PM10	primary and
secondary	24-hour	150 μg/m3	Not to be exceeded more than once per year on average over 3 years
Sulfur Dioxide (​http:​/​​/​www.epa.gov​/​airquality​/​sulfurdioxide​/​​)
[75 FR 35520, Jun 22, 2010 (​http:​/​​/​www.gpo.gov​/​fdsys​/​pkg​/​FR-2010-06-22​/​html​/​2010-13947.htm​)]
[38 FR 25678, Sept 14, 1973]	primary	1-hour	75 ppb (4) (​http:​/​​/​www.epa.gov​/​air​/​criteria.html" \l "4​)	99th percentile of 1-hour daily maximum concentrations, averaged over 3 years
	secondary	3-hour	0.5 ppm	Not to be exceeded more than once per year

3.2	The Liberty-Clairton Non-Attainment Area
3.2.1	Location and PM2.5 Level
The Liberty-Clairton area is composed of five municipalities including Liberty Boro, Glassport, Clairton, Port Vue, and Lincoln Boro. The area is located in Allegheny County, about ten miles south of Pittsburgh in Allegheny County. The Liberty-Clairton non-attainment area is fully surrounded by the Pittsburgh non-attainment area.50 In 1997, the EPA felt it necessary, based on its extraordinarily high NAAQS for PM2.5, to make this area a distinct non-attainment area.51 By the year 2005, the EPA categorized this area as moderate non-attainment source. The PM2.5 level at the monitor located at a site in Liberty Boro gave an average 24-hour reading of 60.9 μg/m3, which far exceeded the design value for the 24-hour PM2.5 of 35 μg/m3. At that time, the Liberty-Boro monitor’s level for PM2.5 was much greater than in any of the seven other monitors located in the Pittsburgh non-attainment area, which had design levels between 34 and 40 μg/m3 in the year 2005. The Liberty-Clairton monitor is about one mile northeast of Clairton Coke works, the high concentrations at the monitor is strongly associated with the point source.50 
3.2.2	Factors Leading to High Levels of PM2.5
To better understand the association between Clairton Coke Work’s emissions and the high levels of PM2.5 affecting the Liberty-Clairton Area, the EPA evaluated the Liberty-Clairton area based on a weight of evidence approach regarding nine factors that the EPA considers for relevant information. A summary of the factors that the EPA found to contribute to the high pollution at the Liberty-Clairton area will be useful for our purposes, and are discussed below.
3.2.2.1	Factor 1: Emissions
Table 2, below, sums up the total estimated amount of emissions from Clairton Coke Works in 2004. 
Table 2. Total Emissions from Clairton Coke Works in 2004. 50
 

3.2.2.2	Factor 2: Air Quality Data
Figure 2 provides a visual representation of how the Liberty Boro monitor compares to surrounding monitors in the Pittsburgh non-attainment area as well as with levels found at other monitors in the surrounding counties. The monitors with a blue number have insufficient data. Units for the concentrations shown are μg/m3.
                             
Figure 2. PM2.5 Concentrations for Allegheny County and Surrounding Area.5

The Allegheny County Health Department conducted an 18 month study comparing the Liberty-Clairton monitor with the Lawrenceville monitor, one that is associated with high levels of urban air pollution. It found that the Liberty-Clairton monitor had much higher peaks in organic and elemental carbon on days associated with high PM for both sites.52 They further compared the Liberty-Clairton monitor to other monitors in the surrounding vicinity; Table 3 shows how the number between sites compare. 
.
Table 3. Comparison levels for sites in an ACHD study. 52


3.2.2.3	Factor 3: Meteorology and Topography
To determine the prevailing wind direction affecting the Liberty-Clairton Area, the EPA conducted what they call a “pollution rose”. During times associated with highest levels of PM2.5 at the Liberty-Clairton monitor, the prevailing winds came predominately from the southwest.50 Figure 3 shows where the Liberty Boro monitor is in relation to Clairton Coke Works. 

Figure 3. The Liberty Clairton monitor in relation to Clairton Coke Works.50

Clairton Coke Works sits at about 700 feet above sea level adjacent to the Monongahela River. Across the river, the landscape sharply rises in elevation to 1100 feet above sea level. The Liberty Boro monitor shares this elevation about a mile away from the site.  The Youghiogheny River borders the Liberty-Clairton area along its north eastern edge. Figure 4 is a topographical map that illustrates the unique terrain of the area. 

Figure 4. Topographical map of the Liberty-Clairton non-attainment area

3.2.3	 Atmospheric Factors Effecting Plume
To account for the effective concentration that will reach the Liberty Boro monitor from the Clairton Coke Works point source, a plume model based on the Gaussian distribution can be employed.. The problem with this approach is that there are many stability classes and contrasts in the terrain to account for that it would be very difficult to apply a model for this situation. One can emphasize the influence of atmospheric stability on the concentrations reaching the monitor. A relatively stable atmosphere indicates that the air released in the plume will not be permitted to mix or go higher into the atmosphere. As a plume rises and cools, it normally follows its adiabat where the air cools as it gets higher.53 If an inversion layer exists where at a certain height in the atmosphere the air is warmer than the air close to the earth, air can get trapped by the dense warm air and be constricted from rising. This is referred to as an inversion cap. When constituents of a plume are trapped by the inversion cap, they remain close to the ground until turbulence or a cool, less dense air front breaks it up.54 The unique terrain surrounding the Liberty-Clairton area, especially the rivers that tend to cap cool air at the surface during certain times of the day, has a substantial effect on the amount of PM reaching the monitor. Figure five shows how a stable atmosphere with an inversion cap can affect how a plume remains in an area. 







4.0	Mapping Health Risk in Liberty-Clairton Area using GIS software
The preceding concerned some of the literature associated with exposure to PM2.5 and specifically covered the Liberty-Clairton non-attainment area and its connection Clairton Coke Works. Now we will make use of data available from the EPA’s National Air Toxic Assessment (NATA) to illustrate the connection between exposure and risk for adverse health effects in the Liberty-Clairton Area. Arcmap10, a form of Global Information Systems (GIS) software, was used for this section. Data is taken from NATA’s 2002 assessment results for overall cancer risk.55 This is nationwide data that gives risk values for every municipality in the United States. To make the data more accessible, I used only data for municipalities in Allegheny County. 2010 US Census Bureau shape files56 were used in ArcMap to represent the total population in individual municipalities of Allegheny County. 
4.1	Map 1
In ArcMap, I joined the NATA risk data to shape files from the Census Bureau. Figure 6 is a thematic quintile map representing total risk for cancer over the individual municipalities of Allegheny County. I used natural breaks (jenks) to create categories for most risk. The EPA defines the category of total risk as representing the sum of all carcinogens in assessment and individual pollutant contributions to total risk. (e.g. 1.60E-05 represents a risk of 16 in a million; 1.17E-06 represents a risk of 1.17 in a million).57 The names of the individual municipalities are overlaid on the map to identify the five municipalities with highest risk: Liberty Boro, Glassport, Clairton, Lincoln and Port Vue. They are seen at the bottom of the map. The municipality of Clairton has the highest cancer risk with 762 individuals per million or 7.26E-04. 

Figure 6. Thematic map representing total cancer risk in individual municipalities of Allegheny County. 

4.2	Map 2
In the next map, I overlaid a shape file for Toxic Release Inventory (TRI)58 sites over the thematic map for total cancer risk in Allegheny County without municipality labeling. This map identifies Clairton Coke Works as the bottom green dot, located in the five dark brown municipalities. 

Figure 7. Same thematic map as Figure 6, but with TRI sites overlaid.

4.3	Map 3
The NATA Total Risk for cancer category reflects cancer risk from hundreds of air pollutants. NATA gives data for individual pollutants that make up the total risk. They did not have a category that was solely PM2.5, but they did have a category called Coke Oven Emissions. This category reflects all the constituents discussed above that are released in coke oven emissions. Figure 8 is a thematic quintile map that was made the same way Figure 7 was, only with Coke Oven Emissions as the main variable for cancer risk. The map looks quite similar to Figure 6, with a reflection that the majority of cancer risk in the Liberty-Clairton area is from coke oven emissions. Clairton has the highest risk, which is 653 individuals million. 


Figure 8. Thematic map representing total cancer risk attributed to coke oven emissions in individual municipalities of Allegheny County. 

4.4	Map 4
This map has a one, two, and three mile buffer overlaid over the total cancer risk map and added the names of the municipalities being affected. The buffers are useful because one can see that the risk for cancer diminishes as you move south of the Clairton Coke Works, which reflects how the prevailing northwest winds affect the transport of emissions. Liberty Boro is highlighted in blue since the monitor was placed there.

Figure 9. One, two, and three mile buffers around Clairton Coke works.
In the previous map, one can see that the municipalities of Liberty Boro and Lincoln show a decreased cancer risk compared toother municipalities that are part of the Liberty Clairton non-attainment area. From our discussion above, there is a large amount of evidence that shows that the Liberty Boro municipality is most exposed to PM2.5. Thus one would think that cancer risk in this area would be the highest. This may be due to a flaw in the data: if the data reflects emissions data instead of data collected from monitors then the municipality of Clairton would have the highest risk for cancer. In fact, this is the opposite. Since Clairton Coke Works is on the southern edge of Clairton, the prevailing winds push emissions away from the municipalities and in the direction of Lincoln and Liberty Boro. This phenomenon is supported by the PM2.5 concentrations at the north of Clairton Coke Works Liberty Boro monitor and the South of Clairton Coke Works Clairton monitor, which were 60.9μg/m3 and 34 μg/m3, respectively.50 Figure 10 shows an image from the EPA that shows both monitors in relation to Clairton Coke Works.

Figure 10. EPA image of the Liberty Boro monitor and the Clairton monitor in relation to Clairton Coke Works.50
4.5	Map 5
The next map uses hot spot analysis to see if there are clusters in the data, giving a closer approximation of risk in the area really might look like. This map shows how emissions are carried predominately north and spread out over the unique terrain in both east and west directions. Although the only monitor north of Clairton Coke Works is in Liberty Boro, one can speculate from this map that all of these municipalities can be potentially exposed to emissions from there. 

Figure 11. Hot Spot Analysis over Total Cancer Risk. Clairton Coke Works is the blue dot and Liberty Boro is the municipality highlighted in blue. 
5.0	Moving Forward
5.1	ACHD Anticipates 2014 Attainment
In order to improve air quality in a nonattainment area, states must draft a plan known as a state implementation plan (SIP). The plan outlines the measures that the state will take in order to improve air quality. In 2009, the state became responsible for bringing the Liberty-Clairton Area into attainment within a five year period; if it does not reach attainment, the EPA will classify this area as a severe area, which will involve imposing strict emission control through closing of batteries at Clairton Coke Works along with further law suits. The Allegheny County Health Department has worked closely with US Steel to reduce emissions at Clairton Coke to bring them within attainment by the December 2014 deadline.59  In 2009, US Steel temporarily shut down three of its batteries at Clairton Coke Works, and a consent agreement between ACHD and US Steel led to permanent shut downs of these batteries. US Steel has also invested over 500 million dollars to upgrade the facilities at Clairton Coke Works. This includes building a state of the art battery that is supposed to greatly reduce emissions as well as bringing quenching towers up to date to significantly reduce SO2 and ammonia emissions. On January 9th, 2013, ACHD released a report stating that the Liberty-Clairton Area will reach attainment by the deadline in 2014.59 Figure 11 shows the anticipated levels they expect for the Liberty-Clairton Area based on emission reduction at the Clairton Coke Works point source. If the Liberty-Clairton area does reach attainment status, then the area will be categorized as a maintenance zone and will be much less subject to EPA intervention. 

 Figure 12. Historical and anticipated values for average 24-hour PM2.5 at the Liberty Boro monitor.60  
5.2	Activists Groups Expect Continued Non-Attainment by 2014
In response to the January report by ACHD, The Clean Air Council (Council), Group Against Smog and Pollution (GASP), Sierra Club, and other groups submitted a report on March 5th to the EPA regarding the validity of the ACHD report. The groups show that the anticipated levels are not accurate and emissions will not reach attainment by the date.60 The report points out several flaws and assumptions the ACHD is making when considering the level of emissions from Clairton Coke Works and the levels reaching the Liberty Boro monitor. They state that ACHD is citing that the permanent shutdown of the three batteries mentioned earlier will significantly reduce emissions, even though they have been shut down for over three years now.  Therefore, a double-counting effect of these closings is placed in their PM calculation. The March report also shows that the actual level of emissions coming from the point source is projected to be a very moderately reduction from the levels in the year 2007. Table 4 shows the 2007 values and the projected values for 2014, comparing emissions from Clairton Coke Works to all other sources in the Liberty Clairton Area. 

Table 4. Point source emissions for Clairton Coke Works for 2007 and 2014. 60















This paper was meant to draw a link between source and exposure by considering the situation between US Steel’s Clairton Coke Works and the Liberty-Boro non-attainment area. The chemistry, toxicology, and epidemiology considering air pollution has been discussed. These fields were further explored in regards to PM2.5. The regulatory entities attached to the Liberty-Clairton example were skimmed and a brief history of Clairton coke works in the 1970s was discussed. The dynamics of how the source affects the exposed was explored by taking a look at emission levels as well how PM is transported over the unique terrain of the Liberty-Clairton area. GIS mapping was used to illustrate that the health outcome risk for cancer is significantly higher for residents who live in the Liberty-Clairton area opposed to residents in the rest of Allegheny County. The data used in the map also reaffirmed our speculation that Clairton Coke Works was the culprit for the high risk in the area. This essay closed by recognizing the still evolving policies and politics that engulf this issue. 
6.2	Further remarks
There is a building understanding through the immense amount of literature available focused on the health effects associated with poor air quality. We have come far through technology to better understand the transport of chemicals through the air. We can model emissions and make assumptions that give us a reasonable idea of how much of a chemical is reaching a population. We have a growing data base that allows us to construct associations between source and exposure. The one thing we lack is efficient policy. One does not need a modeling program or GIS mapping skills to smell the foul air that has continuously been spewed over the residents of the Liberty-Clairton area. One does not need databases full of data to know that a factory neglected to invest any money towards renovation over the last half century when it knew full well it could. And one does not need to calculate a confidence interval to see that a disproportionate amount of lives were taken too soon in Liberty Boro and the surrounding municipalities. To the people of those areas, all of this is just common sense. They have become accustomed to the smoke, powerless since industry reinforces that the smoke allows them to survive, a slogan full of “economic blackmail”. 
To affect policy making, we need to use the best science at our fingertips, but how do we translate that into efficient pressure on our government to do what’s right. How can, for over fifty years, a company skirt around the rules when all the evidence points towards them? And now that they’re finally complying, we let our guard down and pretend that the old history never happened. When you have acute instances like Donora and the London Smog, where thousands of people lost their lives because of high levels of pollution, policy seems to come a bit swifter. Public outcry seems to be the only thing that can ignite policy change. Will the history books ever account for an industry that fought regulation for over fifty years while being responsible for the premature deaths of perhaps just as many people as the acute incidences did with the same fervor?  With the ACHD giving US Steel an easy pass, I doubt it. 
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